Special problems in infants, children and young adults, including postoperative sudden death: Summary  by McNamara, Dan G.
138B JACC Vol. 5. No.6
June 1985:138B-14OB
Special Problems in Infants, Children and Young Adults, Including
Postoperative Sudden Death: Summary
DAN G. McNAMARA, MD, FACC
Houston, Texas
Sudden cardiac death occurs much less commonly in the
child than in the adult. On the basis of data from Olmsted
County, Minnesota, there were 1.3 sudden unexpected deaths
per 100,000 patient-years in persons between 1 and 22 years
of age. From this, it is estimated that 600 sudden deaths in
children and young adults may occur annually in the United
States. Among the adult population approximately 400,000
sudden cardiac deaths occur each year. Although the fre-
quency of sudden cardiac death is more than 600 times
greater in adults than in children, the occurrence of several
hundred sudden deaths in childhood is an enormous indi-
vidual problem of great sociologic and psychologic impact.
In adult cardiology, the patient who is at risk for sudden
death has been recognized for the past 15 years and, as a
result, enormous strides are being made in antiarrhythmic
therapy. However, in pediatric cardiology, probably be-
cause of the relative infrequency of sudden death, less is
known regarding risk factors, prevention and treatment.
For this Bethesda Conference, we will review what is
known about sudden cardiac death in the pediatric age group,
including the following topics: 1) sudden cardiac death,
including crib death or sudden infant death syndrome in
infants younger than 1 year of age; 2) sudden death in the
child older than 1 year of age presumed to be healthy, that
is, free of known cardiac disease, immediately before death;
and 3) sudden death in patients with known heart disease,
including both acquired and congenital heart disease and
postoperative as well as unoperated heart defects.
Sudden Death in Children Versus Adults
In the reports of this Conference, we have heard about
some differences and similarities between the adult and the
child with respect to sudden death. Among both age groups,
most sudden death is associated with: 1) known heart dis-
ease, 2) preexisting cardiac enlargement, and 3) preexisting
reduced ventricular function.
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Severe end-stage myocardial disease, a predisposing fac-
tor for fatal ventricular arrhythmia, is far more common in
the adult patient with heart disease than in the child with a
congenital malformation of the heart. Ventricular arrhyth-
mia, which predisposes to sudden death, is very difficult to
prevent or treat successfully in the patient with end-stage
myocardial disease.
It appears that in the child the majority (perhaps 70%)
of sudden deaths due to arrhythmia are theoretically pre-
ventable by early recognition and appropriate treatment. In
the adult patient, most sudden deaths from arrhythmia are
secondary to myocardial ischemia resulting from obstructive
coronary artery disease. In most instances, congenital heart
anomalies in the child are clinically obvious well before the
fatal arrhythmia develops, whereas in the adult with coro-
nary heart disease, sudden death due to arrhythmia is the
firstmanifestationof coronary heart disease in 50% of patients.
Sudden Death in Infants
Sudden cardiacdeath in thepresumedpreviouslyhealthy
infant in thefirst year of life has two aspects: 1) Among all
of the sudden and unexpected deaths after 1 week of age,
only about 15% are explained at the autopsy examination.
2) Deaths in the other 85% belong to the category of sudden
infant death syndrome (5IOS). The cardiac lesions that may
be encountered in the presumed previously healthy infant
who has died suddenly include endocardial fibroelastosis,
aortic valve stenosis, myocarditis, total anomaly of pul-
monary venous return and coarctation of the aorta, usually
in association with another cardiac lesion such as patent
ductus arteriosus, ventricular septal defect or mitral valve
anomalies.
Prodromal symptoms. Some of the conditions that cause
primarily left heart failure (endocardial fibroelastosis or crit-
ical aortic valve stenosis) and those that result in obstruction
to pulmonary venous return (total anomalous drainage of
pulmonary veins) cause no murmur or only a very faint
murmur in the infant. Early symptoms of heart failure due
to those processes are subtle, consisting of cough, feeding
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difficulty, sweating and irritability, none of which suggests
heart failure as we know it in the adult patient with acquired
heart disease. Thus, in the infant, minor disease of some
other system such as the upper respiratory, gastrointestinal
or metabolic system, is often suspected. As a result, neither
the presence of heart disease nor the ominous nature of the
infant's illness is easily recognized early in the course of
the cardiopulmonary dysfunction. Death in this type of pa-
tient may appear to occur very suddenly and unexpectedly.
Although the terminal event in the patient with pulmonary
edema is initially ventilatory insufficiency rather than pri-
marily cardiac insufficiency, arrhythmias may accompany
this terminal eposide, even though they may not indicate
the process.
Sudden infant death syndrome (SIDS). This syndrome
occurs throughout the world at a rate of approximately 2
per 1,000 live births, usually occurring in the infant 2 to 5
months of age. The causes that have been proposed, but not
proven, are central nervous system disorder leading to apnea
or to cardiac autonomic imbalance resulting in ventricular
fibrillation. The role of apnea as the precipitating event,
although not proven, has led to the widespread and probably
excessive use of apnea monitors in the patient at risk. Typ-
ically, the infant at risk for sudden death syndrome 1) has
been under treatment in a neonatal intensive care unit, 2)
was either born prematurely or was small for gestational
age, or 3) was the offspring of a teenage mother or a mother
who smoked or was from a low socioeconomic group.
Several investigators have postulated that these infants
have prolongation of QT interval and are thus prone to
attacks of ventricular fibrillation in a manner similar to the
Romano-Ward syndrome seen in older children.
James (1) identifiedfocal resorptive degeneration ofcon-
duction tissue cells in the atrioventricular (AV) node of
victims of sudden infant death syndrome as well as in tissue
from control infants and proposed that this active process
in the infant might malfunction and lead to a sudden ar-
rhythmic death. Other investigators have suggested narrow-
ing of the sinus node artery as a possible cause of arrhyth-
mia. Currently, however, there is no agreement as to the
histologic or gross anatomic abnormality in these patients
to account for the sudden death. Continued research is nec-
essary to investigate the problem.
Sudden Death After 1 Year of Age
Sudden death after 1 year of age is most often due to
demonstrable cardiac disease. In a review (2) of the 981
deaths that had occurred in the past 25 years in patients
older than I year of age registered in the cardiac clinic at
Texas Children's Hospital, Houston, 101 (9%) were sudden.
The eight most common diagnoses in these patients were:
1) postoperative systemic to pulmonary artery anastamosis,
for right to left shunt (12%), 2) left to right shunt with
pulmonary hypertension (11%), 3) postoperative repair of
tetralogy of Fallot (II %), 4) unoperated tetralogy of Fallot
(7%),5) congestive cardiomyopathy (5%), 6) postoperative
AV canal (5%), 7) postoperative Mustard operation for
transposition (5%), and 8) prolonged QT interval (5%).
These eight diagnoses accounted for 61% of the patients.
Diagnostic categories. These included a wide range of
malformations, but half of the patients had had surgery that
was, for the most part, unsuccessful. Among the patients
who had not had an operation (40%), about half had an
uncorrectable defect, whereas the other half could possibly
have benefited from current surgical techniques. Approxi-
mately 5% with known prolongation of the QT interval died
as a result of presumed arrhythmia. Only two patients had
aortic valve stenosis, the anomaly usually thought to be
associated with sudden death. None had mitral valve pro-
lapse and none had a structurally normal heart. In 85% of
the patients, a routine electrocardiogram had been taken I
year before the sudden death, and 57% of the patients had
had an arrhythmia. Arrhythmias on a routine electrocardio-
gram at rest occurred in 11% of patients with good hemo-
dynamic status and in 50% of those with poor hemodynamic
status. In half the patients, the activity immediately pre-
ceding sudden death was known. Sudden death occurred
during sports or strenuous activity in 22%, during sleep in
28% and with the patient awake but at rest in 50%.
Mechanism. The mechanism of death was known in half
the patients and was presumed to be arrhythmia in 62%,
bacterial endocarditis in 11 %, stroke in 9%, pulmonary
embolus in 8%, penicillin anaphylaxis in 2%, hemoptysis
in 2% and dissecting aneurysm (Marfan's syndrome) in 2%.
More than 75% of the patients who died suddenly had severe
limitation of activity, cardiac enlargement or poor hemo-
dynamic status on heart catheterization. More than 50% had
arrhythmias on only the routine electrocardiogram at rest I
year before death, and most of these arrhythmias developed
in the year before death. Arrhythmias were more common
among patients who had a poor hemodynamic status.
Incidence. The incidence of sudden unexpected death
in patients in our clinic has decreased in the past 20 years
from 0.92% in the 5 year period from 1964 to 1968 to
0.27% in the 5 year period from 1979 to 1983. We believe
that this reflects improved surgical results, earlier and more
definitive identification of life-threatening arrhythmias and
the use of modem means of pharmacologic antiarrhythmic
treatment.
In this Bethesda Conference, Driscoll (3) reported on
sudden deaths in the general childhood population over a
period of 32 years among patients who died between 1 and
22 years of age in one county in Minnesota. This represented
1.3 sudden deaths per 100,000 patient-years. This number
comprised 2.3% of all deaths in that age group. Only 4 of
the 12 sudden deaths were unequivocally cardiac-related:
myocarditis, congenital aortic valve stenosis, hypertrophic
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cardiomyopathy and primary pulmonary hypertension. Three
deaths were possibly cardiac in origin, but in five patients
the autopsy was negative and death could have been due to
arrhythmia. Of these 12 patients, 3 had had syncopal attacks
that in 2 were associated with exercise. Two of the 12 had
died suddenly during strenuous exercise.
Prevention. It would be virtually impossible to submit
all children to exercise stress testing before they entered
athletic events, but a family history of sudden death or a
history of syncope in the child, especially exercise-induced,
is a strong indication for cardiac examination and exercise
testing, an echocardiogram and perhaps a 24 hour ambu-
latory electrocardiographic monitor.
Sick sinus node syndrome. In another presentation at
this Conference, Gillette (4) reviewed the relation of supra-
ventricular tachycardia to sudden death in children and in-
dicated that the association is quite rare. Isolated sinus node
dysfunction unassociated with structural heart disease and
in the absence of surgery in the region of the sinoatrial node
was the apparent cause of sudden death in only one known
instance; the child in that case was proven to have unex-
plained fibrosis of the sinoatrial node. Gillette reported that
syncope was the presenting symptom in 9 of 12 patients
with sinoatrial node dysfunction and in these pacemaker
treatment was instituted.
Surgically induced sick sinus syndrome after the Mustard
operation for transposition of the great arteries is known to
be associated with both early and late postoperative sudden
death. Improved management, including the administration
of digitalis and the use of a pacemaker in patients with a
very low ventricular rate, has reduced the chance of sudden
death in these patients.
Supraventricular tachycardia and Wolff-Parkinson-
White syndrome. Supraventricular tachycardia may in rare
instances lead to sudden death. In Gillette's review (4),
sudden death occurred in one patient with junctional auto-
matic focus tachycardia and in another with the Wolff-Par-
kinson-White syndrome. Treatment of the junctional auto-
matic focus could include ablation of the focus and use of
a pacemaker. Gillette ablated the focus with an electrode
catheter successfully in two of three patients and surgically
in one of two patients.
Supraventricular tachycardia due to the Wolff-Parkinson-
White syndrome is generally unassociated with sudden death.
In patients in whom the accessory pathway has a short
refractory period that is further shortened by digitalis, atrial
flutter with possible I : 1 conduction through the Kent bundle
may lead to ventricular fibrillation. Because of this, the use
of digitalis to prevent recurrent supraventricular tachycardia
due to the Wolff-Parkinson-White syndrome is inadvisable
without first measuring the refractory period of the accessory
pathway and its response to digitalis. These steps are nec-
essary to ensure that the refractory period of the Kent bundle
is longer than that of the AV node and that digitalis does
not shorten the Kent refractory period. Verapamil is not
used in management of the Wolff-Parkinson-White syn-
drome because it has been shown to increase the ventricular
response to atrial fibrillation in children.
Heart block. With current pacemaker technology, death
from complete AV block should be avoidable. Infants with
complete AV block are especially prone to sudden death.
A heart rate of 50 to 55 beats/min or less calls for pacemaker
treatment. If associated congenital heart disease is present,
the chance of sudden death is even greater, so that under
these conditions a ventricular rate of 65 beats/min or less
in the neonate is an ominous sign and indicates the need
for pacemaker implantation.
Implications
Currently, we have the knowledge and technology to treat
supraventricular arrhythmias and complete AV block of the
type that could cause sudden death. It now remains for the
information to be put to use more widely. The use of catheter
ablation of the ectopic focus requires further research and
there is need for further miniaturization of pacemakers and
their leads for use in small patients.
In his Bethesda Conference report, Garson pointed out
that ventricular ectopic beats and ventricular tachycardia
may be well tolerated in the normal heart, but predispose
to sudden death in children in three categories: those with
inadequate correction of obstructive valve disease (for ex-
ample, pulmonary or aortic stenosis), those with myocardial
tumor and those with a prolonged QT interval.
References
1. James TN. Sudden death of babies. Circulation 1976;53:1-2.
2. Garson A Jr. Sudden death in a pediatric cardiology population, 1958
to 1983: relation to prior arrhythmias. J Am Coli Cardiol 1985;5
(suppl):138B-14IB.
3. Driscoll OJ. Sudden unexpected death in children and adolescents. J
Am Coli Cardiol 1985;5(suppl):122B-125B.
4. Gillette PC. Supraventricular arrhythmias in children. J Am Coil Cardiol
1985;5(suppl):126B-133B.
